Application for 
United States Letters Patent 

of 

KouiCHiANNO 



and 

TOHRU SASAKI 



for 



LIQUID CRYSTAL DISPLAY DEVICE 



TITLE OF THE INVENTION 
LIQUID CRYSTAL DISPLAY DEVICE 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a liquid crystal display device, 
and more particularly, to a liquid crystal display device of a so-called 
reflection type which performs a display using a reflection light of an 
incident external light or of an active matrix type which combines a 
transmission type and a reflection type. 

2. Description of the Related Art 

[0002] In a Hquid crystal display device of an active matrix type, regions 
which are surrounded by gate signal hnes which are extended in the x 
direction and are arranged in parallel in the y direction and drain signal 
lines which are extended in the y direction and are arranged in the x 
direction in parallel on a hquid-crystal-side surface of one of respective 
substrates which are arranged in an opposed manner while inserting the 
liquid crystal therebetween are defined as pixel regions, wherein each pixel 
region is provided with a thin film transistor which is driven with the supply 
of scanning signals from the gate signal fine at one side and a pixel electrode 
to which video signals firom the drain signal line at one side are supplied 
through the thin film transistor. 

[0003] These pixel electrodes generate an electric field having an 
intensity which corresponds to the video signals between the pixel electrodes 



and a counter electrode formed on a liquid-crystal-side surface of the other 
substrate so as to control the light transmittivity of the liquid crystal. 
[0004] As one of these liquid crystal display devices, there has been 
known a so-called reflection-type liquid crystal display device in which pixel 
electrodes are constituted of material (for example, aluminum) which reflects 
an external light incident through the other substrate (the substrate 
positioned at a viewer's side). 

[0005] Further, there has been also known a liquid crystal display 

i=& device in which island-like material layers are positioned in a scattered 

£3 

0 manner at lower layer sides of pixel electrodes and protruding portions of the 
material layers are exposed on surfaces of the pixel electrodes so that the 

wJ reflection characteristics which are uniform and exhibit the favorable hght 

1" 

1 scattering property can be obtained (see Japanese Laid-open Patent 
5i PubUcation 98375/2000, Japanese Laid-open Patent Publication 
fl 337961/1999). 

[0006] However, in the liquid crystal display devices having such 
constitutions, all of the island-like material layers which are formed at the 
lower layer sides of the pixel electrodes have the same shape (including the 
similar shape) when viewed in a plan view so that all of the side surfaces of 
the protrusions which are exposed from the surfaces of the pixel electrodes 
due to respective material layers have the same taper angle. 
[0007] Accordingly, it has been pointed out that light beams which are 
reflected on the side surfaces of the protruding portions of the pixel 
electrodes interfere with each other so that the interference light generated 
by such an interference suppresses the enhancement of the display quality. 
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SUMMARY OF THE INVENTION 
[0008] The present invention has been made in view of such 
circumstances and it is an object of the present invention to provide a liquid 
crystal display device which can suppress the generation of the interference 
light. 

[0009] To briefly explain the summary of ts^ical inventions among 
inventions disclosed in the present application, they are as follows. 
[0010] The liquid crystal display device according to the present 
invention is, for example, characterized in that to respective liquid-crystal- 
side pixel regions of one of substrates which are arranged to face each other 
while inserting liquid crystal therebetween, pixel electrodes which reflect an 
external Hght incident through the other substrate are provided, and these 
pixel electrodes are formed such that protruding portions are scattered on 
surfaces thereof and respective protruding portions are provided in two or 
more kinds different in shape from each other when the pixel electrodes are 
viewed in a plan view. 

[0011] In the liquid crystal display device having such a constitution, 
with respect to the protruding portions formed on the surfaces of the pixel 
electrodes, two or more kinds of protruding portions which are different in 
shape when the pixel electrodes are viewed in a plan view are present so that 
light beams which are reflected on side surfaces of the protruding portions of 
the pixel electrodes hardly interfere with each other. Accordingly, the 
display quality can be enhanced. 

[0012] The protruding portions formed on the surfaces of the pixel 



electrodes are formed of island-like multi-layered material layers which are 
positioned at the lower layer sides of the pixel electrodes. 
[0013] By changing the number of layers of the island-like multi-layered 
material layers, or by making the shape of one layer different from the shape 
of one layer of other island-like multi-layered material layers, or by 
offsetting the center position of the shape of one layer from the center 
position of the shape of the other layer, the respective protruding portions 
can be formed of two or more kinds which are different in shape when the 
pixel electrodes are viewed in a plan view. 
C3 [0014] Further, by forming the island-like multi-layered material layers 

o 

vi using inorganic material which is identical with inorganic material used for 

l« 

W other constituent elements which are positioned at a layer below the pixel 
* electrodes, the protruding portions can be formed without increasing the 

^ number of manufacturing steps. 

Il [0015] Further, a layer made of organic material or a sequential 
laminated body made of inorganic material and organic material may be 
formed between the pixel electrodes and the island-like multi-layered 
material layers. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a view showing the constitution of an essential part of one 
embodiment of a liquid crystal display device according to the present 
invention and also is a cross -sectional view taken along a line I-I in Fig. 2. 

Fig. 2 is a plan view showing one embodiment of a pixel of the liquid 
crystal display device according to the present invention. 
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Fig. 3A to Fig. 3E are step views showing one embodiment of a 
manufacturing method of the liquid crystal display device according to the 
present invention. 

Fig. 4 is a plan view showing another embodiment of the pixel of the 
liqviid crystal display device according to the present invention. 

Fig. 5 is a cross-sectional view taken along a line V-V of Fig. 4. 

Fig. 6A to Fig. 6C are step views showing another embodiment of the 
manufacturing method of the liquid crystal display device according to the 
present invention. 

Fig. 7 is a cross-sectional view of an essential part showing another 
embodiment of the liquid crystal display device according to the present 
invention. 

Fig. 8A is an explematory view showing another embodiment of the 
liquid crystal display device according to the present invention and Fig. 8B is 
a cross-sectional view taken along a line b-b of Fig. 8A. 

Fig. 9A is an explanatory view showing another embodiment of the 
liquid crystal display device according to the present invention and Fig. 9B is 
a cross-sectional view taken along a line b-b of Fig, 9A. 

Fig. lOA is an explanatory view showing another embodiment of the 
liquid crystal display device according to the present invention and Fig. lOB 
is a cross-sectional view taken along a Hne b-b of Fig. lOA. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0016] Preferred embodiments of a liquid crystal display device 
according to a present invention are explained in conjunction with attached 



drawings hereinafter. 
[0017] Embodiment 1. 

Fig. 2 is a plan view showing one embodiment of a pixel of a liquid 
crystal display device according to the present invention. Further, a cross- 
sectional view taken along a line I-I of Fig. 2 is shown in Fig. 1. 
[0018] Fig. 2 shows one of a large number of pixels which are arranged 
in a matrix array and other pixels which are arranged at left and right sides 
and at upper and lower sides of the pixel have the similar constitution. 
[0019] First of all, in Fig. 2, gate signal lines GL which are extended in 

p 

C3 the X direction and are arranged in parallel in the y direction are formed on a 

pJ liquid-crystal-side surface of a transparent substrate SUB. 

WJ [0020] These gate signal lines GL are, for example, formed of aluminum 

4? 

f ^ (Al) and surfaces of the gate signal lines GL are subjected to the anodic 

:f- 1 

L;* oxidation thus forming oxide films AO of AI. These oxide films AO are 
p4 formed to obviate a phenomenon that a hillock is generated due to a thermal 
^' treatment which is performed thereafter so that the gate signal lines GL are 
electrically short circuited with the drain signal lines DL, for example. 
[0021] Within a pixel region which defines an area surrounded by a pair 
of neighboring gate signal Unes GL and a pair of neighboring drain signal 
lines DL which will be explained later, several island-like Al layers are 
formed. 

[0022] These Al layers are layers which form protruding portions PR 
within the pixel region by being laminated to other island-like material 
layers which will be explained later. In this embodiment, these Al layers 
are referred to as first protruding portions PRl. Further, the nth 
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protruding portion PRn (n = 1, 2, 3, ...) which will be explained later means 
one material layer of the protruding portion PR which is constituted of a 
laminated body. 

[0023] The above-mentioned protruding portions PR formed within the 
pixel region are formed such that they are regularly arranged as shown in 
Fig. 2. However, it is not always necessary to form the Al layers which are 
constituted of the first protruding portions PRl at all positions where these 
protruding portions PR are to be formed. That is, some protruding portions 
PR may be provided with the first protruding portions PRl and the other 

o 

C3 protruding portions PR may be not provided with the first protruding 
jj J portions PRl. 

[0024] Further, the second protruding portions PR2 which are made of 

4» 

J*. ITO (Indium-Tin-Oxide) films, for example, are formed such that they are 
5^ superposed on some of the above-mentioned first protruding portions PRl. 
tl These second protruding portions PR2 are formed sxLch. that their centers are 
offset from the centers of the first protruding portions PRl in this 
embodiment. Such a provision is made to make the shape of the protruding 
portions PR when viewed in a plan view different from the shape of other 
protruding portions PR as much as possible. 

[0025] Accordingly, among places where the protruding portions PR are 
to be formed, there exist some places where the second protruding portions 
PR2 are formed but the first protruding portions PRl are not formed. 
[0026] Then, an insulation film GI which is made of SiN, for example, is 
formed on the transparent substrate SUB such that the insulation film GI 
also covers the gate signal lines GL, the first protruding portions PRl and 
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the second protruding portions PR2. 

[0027] This insulation film GI functions as an interlayer insulation film 
between the gate signal lines GL and the drain signal DL with respect to the 
drain signal lines DL which will be explained later, functions as a gate 
insulation film with respect to a thin film transistor TFT which will be 
explained later, and functions as a dielectric film with respect to a 
capacitance element Cadd which will be explained later. 
[0028] Accordingly, although the insulation film GI is usually formed 
P= over the whole regions of respective pixels, in this embodiment, the 

a 

Q insulation film GI is selectively formed over regions where the protruding 

Q 

iHJ portions PR are formed within the pixel regions and portions surrounding 

!?& 

the protruding portions are etched (See Fig. 1). This constitution is 
provided for using the insulation film GI as the portions of the protruding 

^ portions PR, that is, as the third protruding portions PR3 in respective 

an 

14 protruding portions PR formed within the pixel region. 

[0029] Above the insulation film GI which is superposed on the gate 
signal line GL at the left lower portion of the pixel region, a semiconductor 
layer AS of i type (intrinsic: doped with no conductive determining 
impurities) which is made of a-Si is formed. 

[0030] This semiconductor layer AS constitutes a semiconductor layer of 
a MIS type thin film transistor TFT which uses a portion of the gate signal 
line GL as a gate electrode by laminating a source electrode and a drain 
electrode thereon. 

[0031] Here, this semiconductor layer AS is also selectively formed at 
regions where the protruding portions PR are formed in the pixel region (see 
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Fig. 1) in this embodiment. This provision is made to constitute the 
semiconductor layer AS as the fourth protruding portion PR4 in each 
protruding portion PR in the same manner as the insulation film GI. 
[0032] The source electrode SDl and the drain electrode SD2 of the thin 
film transistor TFT are formed simultaneously with the drain signal line DL 
which is formed on the insulation film GI. 

[0033] That is, the drain signal lines DL which are extended in the y 
direction and are arranged in parallel in the x direction are formed and 
portions of the drain signal lines DL are extended over the upper portion of 
the semiconductor layer AS such that the extended portions constitute drain 
electrodes SDl of the thin film transistors TFT. 

[0034] On the other hand, the source electrode SD2 is configured to be 
integrally formed with the pixel electrode FIX which is formed over the 
substantial area within the pixel region. 

[0035] The drain signal Hnes DL (drain electrodes) and the pixel 
electrode FIX (source electrodes) are both formed of the same material layer. 
In this embodiment, the drain signal Hnes DL and the pixcel electrode FIX 
are formed of a sequential laminated body consisting of chromium (Cr) and 
aluminum (Al). Chromium is used as the lower layer by taking the 
connection between the lower layer and the semiconductor layer AS into 
consideration and aluminum is used as the upper layer by taking the 
reflection efficiency of the pixel electrode FIX which is made to function as a 
reflection electrode. 

[0036] Then, on the surface of the pixel electrode FIX formed in the 
above-mentioned manner, the shape of the protruding portions PR appears 



clearly while maintaining the exact shapes thereof. Among these 
protruding portions PR, there are some protruding portions PR which are 
different in the number of layers or the protruding portions PR which are 
different in the shape in a plan view. Due to such a constitution, the 
directions of the reflection lights become random and there is no case that 
the reflection lights interfere with each other. Accordingly, an 
advantageous effect that the display quaUty can be enhanced is obtained. 
[0037] A semiconductor layer doped with impurities is formed on 
interfaces defined between the drain electrode SD2, the source electrode SDl 
and the semiconductor layer AS. This semiconductor layer is configured to 
function as a contact layer. 

[0038] After forming the semiconductor layer AS, a semiconductor layer 
having a thin film thickness which is doped with impurities is formed on the 
semiconductor layer AS. Then, after forming the drain electrode SD2 and 
the source electrode SDl, a portion of the semiconductor layer doped with 
impurities which is exposed from the respective electrodes SD2, SDl is 
etched using respective electrodes as masks whereby the above-mentioned 
constitution can be obtained. 

[0039] In this manner, on the surface of the transparent substrate SUB 
on which the drain signal lines DL, the pixel electrodes PIX and the like are 
formed, a protective film PSV which is made of SiN, for example, and covers 
also the drain signal lines DL and the like is formed. The protective film 
PSV is provided so as to avoid the direct contact between the thin film 
transistor TFT and the Hquid crystal and for other purposes. 
[0040] Although not shown in the drawing, on a liquid-crystal-side 
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surface of a transparent substrate which is arranged to face the transparent 
substrate SUB while sandwiching the Hquid crystal therebetween, a black 
matrix (indicated by a dotted-line frame BM in Fig. 2) is formed such that 
the black matrix defines respective pixel electrodes. 

[0041] The black matrix BM is served for preventing the external light 
fi-om being irradiated to the thin film transistor TFT and for enhancing the 
display contrast. 

[0042] Further, color filters having colors corresponding to respective 
pixel regions are formed in aperture portions (constituting regions which 

O 

C3 allow light to pass therethrough and forming substantial pixel regions) of the 

O 

black matrix BM. 

y [0043] These color filters are used such that, for example, the filters of 

f ^ same color are used in respective pixel regions arranged in parallel in the y 
~i direction and the filters of red (R), green (G), blue (B), for example, are 
ii sequentially repeated for respective pixel regions in the x direction. 
~ [0044] One example of a method for manufacturing the liquid crystal 

display device having such a constitution is explained hereinafter in 
conjunction with Fig. 3A to Fig. 3E. 
[0045] Step 1. (Fig. 3A) 

First of all, an Al layer having a thickness of approximately 300 nm 
is formed on the transparent substrate SUB using a sputtering method. A 
mask pattern made of a photoresist resin film is formed on the Al layer using 
a photolithography technique (referred to as "photo step hereinafter). 
[0046] After selectively etching the Al layer using a mixed solution of 
phosphoric acid, hydrochloric acid and nitric acid, the photo resist resin film 
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is peeled off. 

[0047] Using the pattern of the remaining Al layer obtained by such a 
treatment, the gate signal lines GL and a plurality of scattered first 
protruding portions PRl which appear clearly on the surface of the pixel 
electrode are formed. 
[0048] Step 2. (Fig. 3B) 

The patterned surface of the Al layer is subjected to the anodic 
oxidation in a tartaric acid solution thus forming an anodic oxygen film AO 
having a thickness of approximately 180 nm. 

[0049] Thereafter, on the surface of the transparent substrate SUB, the 
ITO (Indium-Tin-Oxide) film having a thickness of approximately 100 nm is 
formed by a sputtering method, for example. Then, the ITO film is 
selectively etched using an aqua regia solution after a photo step. 
[0050] The remaining ITO film constitutes the second protruding 
portions PR2 on some of the first protruding portions PRl or constitutes the 
second protruding portions PR2 at portions where the first protruding 
portions PRl are not formed. 
[0051] Step 3. (Fig. 3C) 

On the surface of the transparent substrate SUB, the silicon nitride 
film SIN having a thickness of approximately 240 nm is stacked using a CVD 
method, for example. This silicon nitride film SiN constitutes the 
insulation film GI. 

[0052] Subsequently, after stacking an amorphous silicon layer having a 
thickness of approximately 200 nm on the transparent substrate SUB using 
a CVD method, an n(+) amorphous silicon layer doped with approximately 



12 



1 % of phosphate (P) and having a thickness of approximately 35 nm is 
stacked. A sequential laminated body made of the amorphous silicon layer 
and the n(+) amorphous silicon layer constitutes the semiconductor layer AS. 
[0053] After a photo step, the semiconductor layer AS and the insulation 
film GI are unitarily subjected to a dry etching using a 6 fluoric sulfur gas. 
[0054] In this case, since the etching speed of the semiconductor layer 
AS which constitutes the upper layer is faster than the etching speed of the 
insulation film GI which constitutes the lower layer, the end portion of the 
insulation film GI assumes a normal taper angle of approximately 4°, while 
the end portion of the semiconductor layer AS assximes a normal taper angle 
of approximately 70°. 

[0055] In the dry selecting etching of the semiconductor layer AS and 
the insulation film GI which are performed through the photo steps, the 
third protruding portions PR3 and the fourth protruding portions PR4 each 
of which is formed of a laminated body of the insulation film GI and the 
semiconductor layer AS are formed on the first protruding portions PRl (or 
the second protruding portions PI12) in a superposed manner. 
[0056] In the drawing, although the third protruding portions PR3 and 
the fourth protruding portions PR4 are formed such that they are superposed 
on all of the first protruding portions PRl (or the second protruding portions 
PR2), the present invention is not limited to such a constitution. That is, 
the third protruding portions PR3 and the fourth protruding portions PR4 
are formed such that they are superposed on some selected first protruding 
portions PRl (or some selected second protruding portions PR2). 
[0057] Step 4. (Fig. 3D) 
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On the surface of the transparent substrate SUB, chromium (Cr) 
having a thickness of approximately 30 nm, for example, is stacked using a 
sputtering method, for example and aluminum (Al) having a thickness of 
approximately 200 nm is further stacked. A laminated body made of these 
Cr and Al constitutes either the drain signal lines DL (drain electrode SDl, 
source electrode SD2 of thin film transistor TFT) or the pixel electrodes PIX. 
[0058] After a photo step, Al is selectively etched using a mixed solution 
consisting of phosphoric acid, hydrochloric acid and nitric acid, while Cr is 
Q selectively etched using a cerium nitrate second ammonia solution. 

i 

£2 [0059] The n(+) amorphous silicon layer which is exposed from the drain 

m 

M electrode SDl and the source electrode SD2 on the semiconductor layer AS is 

y 

1* removed by a dry etching using a 6 fluoric sulfur gas. 

[0060] Step 5. (Fig. 3E) 

f1.l 

5 On the transparent glass substrate SUB, siHcon nitride (SiN) having 

Hi 

^ a thickness of approximately 300 nm, for example, is stacked using a CVD 

method, for example. This SiN film constitutes the protective film PSV. 
[0061] After a photo step, the patterning is performed by a dry etching 
using a 6 fluoric sulfur gas. Although not shown in the drawing, the 
patterning is performed for forming openings to expose terminals of the gate 
signal lines GL or terminals of the drain signal lines DL outside a region of 
the display portion which is formed of a mass of pixel regions. 
[0062] Embodiment 2. 

Fig. 4 is a plan view showing other embodiment of the pixel of the 
liquid crystal display device according to the present invention and 
constitutes a view which corresponds to Fig. 2. Fig. 5 is a cross-sectional 
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view taken along a line V-V of Fig. 4. 

[0063] The constitution which differs from the constitution shown in Fig. 
2 lies in that a source electrode SD2 (same goes for a drain electrode SDl, a 
drain signal Hne DL) of a thin film transistor TFT and a pixel electrode PIX 
are positioned at different layers through a protective film PSV, and the pixel 
electrode PIX is connected to the source electrode SD2 through a contact hole 
CH formed in the protective film PSV. 

[0064] Even in such a constitution, a large number of protruding 
portions PR which differ in a planar shape are formed at a lower layer side of 

Z2 the pixel electrode PIX and the protruding portions PR appear clearly on the 

Q 

'""•^ surface of the pixel electrode PIX. 

W [0065] Hereinafter, one embodiment of method for manufacturing a 

' liquid crystal display device having such a constitution is explained in 

conjunction with Fig. 6A to Fig. 6C. Since this manufacturing method is 
^= identical with the manufacturing method of the embodiment 1 with respect 

to steps shown in Fig. 3A to Fig. 3E, the following explanation is made with 

respect to subsequent steps which follow these steps shown in Fig. 3Ato Fig. 

BE. 

[0066] Step 6. (Fig. 6A) 

On the protective film PSV formed on a surface of a transparent 
substrate SUB, after a photo step, a portion of an extension of the source 
electrode SD2 is exposed thus forming the contact hole CH. 
[0067] Step 7. (Fig. 6B) 

On the surface of the transparent substrate SUB, chromium (Cr) 
having a thickness of approximately 30 nm is stacked using a sputtering 



15 



method, for example, and aluminum (Al) having a thickness of 
approximately 200 nm is further stacked. A laminated body made of these 
Cr and Al constitutes the pixel electrode PIX, 

[0068] After the photo step, Al is selectively etched using a mixed 
solution consisting of phosphoric acid, hydrochloric acid and nitric acid, 
while Cr is selectively etched using a cerium nitrate second ammonia 
solution. 

[0069] Here, by forming the pixel electrode PIX on an upper surface of 
the protective film PSV in the step 7, the sequential laminated body made of 
chromium and aluminum which is formed in the embodiment 1 spoils the 
function thereof as the pixel electrode. 

[0070] Although there arises no drawback with respect to the liquid 
crystal display device even when the laminated bodies remsiin as it is, the 
laminated bodies may be selectively formed like islands in the region where 
the protruding portions PR are formed. 

[0071] That is, at the time of forming the drain signal lines DL (drain 
electrodes SDl) and the source electrodes, by forming fifth protruding 
portions PR5 using the metal layers (sequential laminated bodies made of Cr 
and Al), it becomes possible to change the shape of the protruding portions 
PR. Fig. 7 is a constitutiongd view of such a case. 
[0072] Step 8. (Fig. 6C) 

On the surface of the transparent glass substrate SUB, a siHcon 
nitride film having a thickness of approximately 300 nm is stacked using a 
CVD method, for example. This SiN film constitutes a protective film 
PSVl. 
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[0073] After a photo step, a patterning is performed by a dry etching 
using a 6 fluoric sulfur gas. Although not shown in the drawing, the 
patterning is performed for forming openings to expose terminals of the gate 
signal lines GL or terminals of the drain signal lines DL outside a region of 
the display portion which is formed of a mass of pixel regions. 
[0074] As mentioned above, respective protruding portions PR which are 
positioned at the lower layer of the pixel electrode PIX are constituted such 
that at least two kinds of protruding portions PR are included in the pixel 
electrode PIX when the pixel electrode PIX is viewed in a plan view. 
[0075] Here, respective configurations of the protrusions which differ in 
shape are explained using Fig. 8A, Fig. 8B, Fig. 9A, Fig. 9B, Fig. lOAand Fig. 
lOB. Respective drawings show the shapes of three protruding portions PR 
which, for example, constitute three neighboring protruding portions PR 
selected from a large number of scattered protruding portions PR. In these 
drawings. Fig. 8A, Fig. 9A and Fig. lOA are plan views and Fig. SB, Fig. 9B 
and Fig. lOB are cross-sectional views taken along lines b-b in Fig. 8A, Fig. 
9A and Fig. lOA. 

[0076] Further, although the protruding portions PR are mainly formed 
of materials having a circular shape, it is needless to say that the shape of 
the protruding portions PR is not limited to such a shape and may be a 
rectangular shape, a polygonal shape or other peculiar shape. 
[0077] With respect to these drawings, in Fig. 8A and Fig. 8B, each 
protruding portion PR is formed of a material layer which is constituted of 
two layers, wherein both of the first-layer protruding portion and the 
second-layer protruding portion have the circular shape. 
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[0078] Here, the second-layer protruding portion is arranged such that 
the portion has the center thereof offset from the center of the first-layer 
protruding portion. 

[0079] Due to such a constitution, when the respective protruding 
portions are compared to each other, taper angles formed at side walls of the 
protruding portions differ from each other. Further, even when the taper 
angles are same, the second-layer protruding portions are arranged such 
that they are disposed in the different directions. 

[0080] Further, in Fig. 9A and Fig. 9B, respective protruding portions 
PR consist of protruding portions which are respectively formed of a single- 
layered material, a two-layered material and a three-layered material. 
These protruding portions are arranged in a mixed array. 
[0081] Even with such a constitution, when respective protruding 
portions are compared to each other, taper angles provided to respective side 
walls can be made different from each other. 

[0082] Further, in Fig. IDA and Fig. lOB, respective protruding portions 
PR are formed of two-layered material layers and the materials which 
constitute the second layers have different shapes from each other. 
[0083] Even with such a constitution, when respective protruding 
portions are compared to each other, taper angles provided to respective side 
walls can be made different from each other. 

[0084] In performing the present invention, it is needless to say that the 
above-mentioned respective basic constitutions are combined. 
[0085] In the above-mentioned embodiment, although the protective 
film PSV which is formed as the lower layer on the pixel electrode PIX is 
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formed of tke inorganic film such as SiN or the like, the protective film PSV 
may be formed of an organic film such as a resin film or may be formed of a 
sequential laminated body made of an inorganic film and an organic film. 
Then, when the protective films PSV are formed as island-like material 
layers at the protruding portions PR, since the top portions of the protruding 
portions PR have a smooth shape, the light which reflects on the surface of 
the pixel electrode PIX on which the protruding portions appear clearly 
scatters in many directions and hence, an advantageous effect that the 
1^1= diffusion ability is enhanced can be obtained. 

o 

C3 [0086] Although the protective film PSV is formed on the pixel 
PJ electrodes PIX in the display region in the embodiment 1 and the protective 

H 

y film PSVl is formed on the pixel electrodes PIX in the display region in the 

embodiment 2, the same advantageous effect can be obtained even when the 

E| protective film PSV is arranged to coat at least the TFT portion. 

[0087] In the Uquid crystal display devices described in respective 
embodiments, each pixel forms the pixel electrode made of the reflection 
electrode in the whole region thereof. However, it is needless to say that the 
present invention is applicable to a liquid crystal display device which has 
both functions of a so-caUed transmission type liquid crystal display device 
and a so-called reflection type liquid crystal display device in which a pixel 
electrode made of a transparent electrode is formed on an approximately half 
region of each pixel and a pixel electrode made of a reflection electrode is 
formed in a remaining half region of the pixel. 

[0088] As can be clearly understood from the above description, 
according to the liquid crystal display device of the present invention, the 
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generation of the interference light can be suppressed efficiently. 
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